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GLASGOW LOCAL SECTION.

RECENT ADVANCES IN WIRELESS TELEGRAPHY.

By J. ERSKINE-MURRAY, D . S C , Member.

(Abstract of Papct read December 12, 1905.)

In the earlier part of the paper the chief systems in use were shortly
described, and their- methods of action discussed. Methods of dis-
crimination between stations by the use of equifrequent electrical
vibrators at the transmitting and receiving ends were explained, and
instances given, the most striking example being that reported by Cap-
tain Jackson, R.N., the exact details of which are as follows: The Vernon
received signals from Poldhu, 180 miles distant, on one mast, and at
the same time sent signals to a ship 50 miles away by a separate aerial
on another mast about 200 ft. from the first. The receiving was quite
unaffected by the sending. Various forms of responders or detectors
were then described, and mention was made of some recently patented
systems which have not yet come into commercial use.

The Action of the Coherer.—The coherence of metal filings or surfaces
was supposed at first to be due to electrical oscillations, and to be a
test for their presence. I have never held the view that oscillations
were necessary, believing that all that is required is merely an electro-
static field or difference of potential which causes the particles to
join up in chains as do iron particles in a magnetic field.

That small particles do so in an electrostatic field has been shown
by Robertson and others. When the ends of the particles come within
a very small distance of one another a spark passes even if the voltage
be low, and the welding takes place. The action is facilitated by very
gentle intermittent mechanical shocks (tapping) just as in the case of
iron filings in a magnetic field. Severe shaking, of course, prevents
any chains from forming, or breaks up such as have been formed.

The action of a filings coherer thus takes place in two stages—first,
the movements of the particles, and second, the welding.

That this view is correct has been amply proved by Dr. W. H.
Eccles in an able experimental research which he undertook at my
suggestion. He has also deduced a mathematical theory of the action
which fits the results of experiment, and invented a method for
testing coherers in the laboratory without the use of telegraphic
apparatus.
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Transmitters.—The electrical disturbance produced by the trans-
mitter must be such that when it arrives at the receiver it produces, for
however short a time, an appreciable difference of potential between
the receiving aerial wire and earth.\ If the .time rate of change of
potential in the neighbourhood of the receiver were slow, there would
never be an appreciable difference between the aerial and earth, as the
electricity would change its distribution very slowly as a minute current
of insufficient magnitude to affect the receiver. A sudden change of
potential is therefore necessary in order that a signal may be recorded.
It is the horse-power which matters, not the total amount of
work done.

In the systems most in use at present, the method of obtaining this
sudden and energetic discharge is that of Hertz, i.e., the spark. It
is Hertz's method of obtaining a sudden and oscillating discharge that
is the essential in wireless telegraphy, not the fact that free radiations
may be produced thereby. An alternator would be quite as suitable if
it were capable of giving proper voltage and frequency, and, indeed, is
being used by Fessenden.

Earth Connections.—When Marconi connected the lower ball of his
Hertz radiator to the earth, he made the whole earth the lower ball.
The earth and the aerial are the two conductors of the oscillator, which
luckily is so unsymmetrical that it radiates very little indeed ; in fact, the
oscillations simply spread from their point of generation over the two
conductors.

Under these circumstances he at once obtained signals at a much
greater distance than he had previously achieved. He had, in fact,
introduced a conducting connection between the transmitter and
receiver, instead of depending on radiations through the non-conducting
atmosphere. The electrical waves produced were no longer free, but
were guided by the earth's surface as an alternating current is guided
by a wire.

For the intense currents of very high frequency, which are used in
wireless telegraphy, a good and widespread earth-connection is most
essential. It is not necessary that it should be a conducting connection,
however ; an inductive connection, in which the earth's surface plays
the part of one plate of a condenser, is quite as effective for high-
frequency currents.

Wireless telegraphs may thus be divided into two large classes—
(i) conductively earthed ; (2) inductively earthed.

In the first class come practically all the systems mentioned except
some forms of Lodge-Muirhead apparatus.

In the Lodge-Muirhead station at Heysham the earthing is in-
ductive. One large insulated plate is about 3 feet above the earth,
the other plate is 80 feet above the first. Taking the average differ-
ence of potential between the earth's surface and the lower plate as
roughly one-half of that between the plates, we find that the dielectric
current between the earth and lower plate is ten times as great as it
would be through the spark-gap between the plates if the earth were
not near. A conduction current in the earth's surface is thus induced
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by the proximity of the lower plate, and the waves are guided by the
earth's surface as in conductively earthed systems. Radiations approxi-
mately resembling on a large scale those used by Hertz would not be
obtained by this transmitter unless it were placed at least 800 feet or
more above the earth's surface on a perfectly insulating support.
Conversely, if Hertz had placed one end of his vertical oscillator within
a small fraction of an inch of a horizontal sheet of copper, he would
not have obtained free radiations, but a result which on the proper
scale would resemble the transmission at Heysham. It seems probable
that the inductive earthing in this case will prove as effective as an
elaborate conductive system, and at the same time the advantages of
a very persistent oscillator will be retained.

The Limit of Distance in Transmission.—The propagation of a hemi-
spherical electric wave, in which the lines of force have their ends
on a conducting plane surface, has been investigated by Heaviside, and
from a wireless telegraphist's point of view by Blondel. Neglecting
the curvature of the earth, the form of the wave is approximately
the same as would be produced by removing the earth and putting
another wire downwards from the spark-gap, this wire being equal
in length to the aerial, and oppositely charged at every moment.
If the electric waves used in wireless telegraphy retained this
form we should find that the currents resulting from their action
on the receiving aerial would vary inversely as the square of the
distance. This does not, however, agree with Duddell and Taylors
measurements—the only definite measurements as yet published—of
the variation of the received current with distance. They find * from
experiments made between a station at Howth and H.M.T.S. Monarch
in the Irish Channel, that the current at distances beyond ten or
fifteen miles varies in almost exactly simple inverse proportion to the
distance between the stations. This result admits of no question, the
experiments having been carried out most carefully and with w.onder-
fully concordant results. We must, therefore, accept the fact and look
for an explanation in some circumstance which modifies the hemi-
spherical waves originally given out by the transmitter when they
attain a radius of about ten miles.

I find that there is an explanation lying ready to our hand,
which is based, not upon theory, but on the well-ascertained facts of
the nature of our atmosphere. Put briefly, it is as follows :—If the
earth were surrounded by a spherical shell of conducting material it is
a well-known fact that the waves would not die away in proportion to
the square of the distance, but would vary, for moderate distances, in
inverse proportion to the distance itself. Now, recent researches on
aurone by Danish observers have proved that these occur sometimes
as low as six miles above the earth's surface, and never at a greater
height than sixty miles. An aurora is an electric conduction current;
hence the layer of air between six. and sixty miles above the earth is
conductive.

Here we have, then, the explanation of Duddell's law of variation
* Journal of the Institution of Electrical Engineers, July, 1905.
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with distance. The approximately spherical wave given out by the
oscillator rises till it. touches the conducting layer, then becomes
annular, and travels outwards with a wave-front the area of which no
longer increases as the square of the distance, but only in proportion to
the distance itself, since the wave is confined by the parallel conducting
surfaces above and below. Thus the only space-variation which causes
diminution in strength is the increasing radius. There is, of course, in
addition a frictional loss of energy which we shall consider later.

If we take the curvature of the earth into account, and proceed
to trace the variation of the wave-front at greater distances than those
of Duddell's experiments, which only extended to sixty miles, we find
from simple mathematical, or rather geographical, considerations that
the radius of the circle in which the wave-front cuts the globe is directly
proportional to the sine of the angle at the earth's centre subtended by
the arc of the surface between the transmitter and the wave-front.
This agrees with Duddell's law because for small distances sin 9 is
nearly equal to 0. For greater distances, however, the divergence
becomes less and less, and at distances beyond 6,ooo miles, i.e., beyond
9 = TT/2, the waves converge, and the current should' increase with
distance. This is true on any theory, as the wave-front is becoming
a smaller and smaller ring, continually converging from all sides
towards the antipodes of the transmitting station.

'//////////////////A Y77/7////.
Fifi. i.

The equation for the received current is thus of the form :-

sinO (A)

where c is the received current, 9 the angle defined above, and C a
constant.

Fig. i gives a rough representation of the lines of electric force as
they spread from the transmitter outwards.

The above law of variation of the received current with distance is
obviously not complete. We have so far supposed that the lowest
layer of the atmosphere is a perfect dielectric, and that the earth and
upper atmosphere are perfect conductors, i.e., that no dissipation of
energy is involved, the decrease of current being simply due to increase
in area of the wave-front.

We must now take account of frictional losses, in order to
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plete the law as far as possible ; though with the data at present available
only a rough approximation can be attempted. It will be possible to
amplify the equation when further measurements have been made, and
to determine more exactly the functions and constants involved.

The first indication of a true frictional dissipation of energy in
transmission was found in Marconi's discovery that messages could
be received at much greater distances during the night than by day.
There cannot be much difference between the divergence variations by
night and day, as the earth does not change its shape; this phenomenon
has therefore to be explained by some difference in the electrical pro-
perties of the transmitting media. Now the conductivity of the earth
cannot be seriously altered by the sun's rays ; the atmosphere, however,
may be much affected. Cosmical Science has made many striking
advances lately, and it is now practically certain that streams of electri-
fied particles, resembling the cathode rays, are ejected from the sun
with a very high velocity. These penetrate the earth's atmosphere on
the day side, electrifying it, and at the same time ionising it, thus
rendering it more conductive. During the night equilibrium becomes
slowly restored, and towards five o'clock in the morning a very marked
minimum of atmospheric electrification has long been known to exist.
The time at which signals go furthest thus coincides with a minimum
conductivity of the lower layers of the atmosphere, while greater, con-
ductivity of the lower layers during the daytime coincides with greater
difficulty in transmission.

Now an electric wave must have either an all-dielectric medium or
a dielectric bounded by conductors; it cannot penetrate far through a
conductor. Thus if all the atmosphere were conductive the wave
would travel only a very short distance before being dissipated by
resistance, and transmission to a great distance would be impossible.
The conditions would be similar to an attempt to transmit current along
a concentric cable with bad insulation between the conductors. The
good insulation is just as essential as the conductors. We may take it,
then, that during the night the lowest ten miles of the atmosphere is a
good dielectric, while during the day it becomes slightly conductive,

To obtain a rough estimate of the amount of this dissipation we
may take Mr. Marconi's statement that 500 miles during the day i9
equivalent to 1,000 by night. The variation is not so noticeable at
short distances, being in this case so very much less important than the
divergence, though it is distinctly traceable in Duddell and Taylor'9
results.

Let us assume that the law of divergence is that given above-"
Equation (A)—i.e., that the undissipated current would vary inversely
as the sine of the angle between the plaGes, or approximately, for the
distances under consideration, inversely as the distance along the
earth's surface.

We then have Duddell's law—

C x D =2 constant

where C is current received, and. D is distance between the stations.
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Now assume as a first approximation that there is no dissipation
at night; then the current lost, by divergence only, between 500 and
1,000 miles at night is all spent by dissipation during the day before
500 miles is reached. Again, the divergence alone between 500 and
1,000 miles would reduce the current to one half, since 1,000 is twice
500. Therefore the current at 500 miles during the night is twice the
current which will just work the receiver. The current lost by dissipa-
tion during the day throughout 500 miles is therefore equal to that
which will just work the receiver. We have thus obtained an approxi-
mate value of the dissipation from Mr. Marconi's experiments. If we
call the minimum working receiver current of Mr. Marconi's receiver M,
then the current lost through dissipation is roughly M/500 per mile.

This dissipation is no doubt a function of the distance, the form of
which I hope to be able to determine later. It is also, of course, a
function of the state of the atmosphere, as regards electrification, and
varies from a minimum in the very early morning to a maximum in the
evening. In the meantime we may take M/500 as a rough approxima-
tion to its average mid-day value, under the circumstances considered.

The approximate equation c = C/sin0 for propagation of signals
then becomes—

C M
d ( B )

where—
c = received current,

C = a constant,
M = minimum current which will actuate receiver,
d = miles distance,

and —
9 = angle subtended at centre of earth by arc;rf.

Now since ^3500 = 9, approximately, since the earth's radius is
3,300 nautical miles, . •. d = 3,500 9.

To determine C from (A) we notice that c = C, if s i n 0 = i , i.e., if
9= TT/2. C is thus the value of c at 5,400 nautical miles, or an earth
quadrant from the transmitter during the night, i.e., when no dissipation.
We may state it as C = kM if we like to take M as a unit, i.e., the
undissipated current at 5,400 nauts. is k times that necessary to work
the receiver.

The equation then becomes—

f , 7 ^ . . . . . . (C) .

To find the limit of distance with any given power we must
have c = M, i.e., the current at the receiver is just the smallest possible
working current.

The equation (C) then becomes :

! - - 7 0 (D)
1 ~sin 0 ' K J

or—
k — sin 9 (7 9 + i) = o (D1)

VOL. 36. " 26



390 ERSKINE-MURRAY : RECENT ADVANCES IN [Glasgow,

The number seven in this equation is only a rough approximation,
suitable to the case under consideration. It should properly be
replaced by some function of 9.

Let us now consider Duddell and Taylor's results for shorter
distances in the light of this explanation.

Remarking on the slight decrease in the product C x D at long
distances, they suggest reflection from the Hill of Howth as a cause,
mentioning that another possible, but apparently less probable, explana-
tion is that the cross-channel runs were made in damp, misty daylight,
while the up-and-down channel course was made in the night and
early morning with a clear frosty atmosphere. To me this latter sug-
gestion is far more probable than the first. We know that such a
difference exists from Marconi's results. It is worth while to attempt
to derive it from Messrs. Duddell and Taylor's measurements. We
may take from their curves the following data, comparing the day and
the night experiments.

(1) Night.
"MONARCH" COMING SOUTH TOWARDS HOWTH.

Distance off Howth ... 18 ... 36 Miles
C x D ... 3850 ... 3820Micro-amperes

X Miles.

Thus at 18 miles the current was 214 mA., and at 36 miles io6"i mA.
Now, by divergence alone the current would at 36 miles have been

one half that at 18 miles, i.e., 107 mA. The dissipation loss is thus
0*9 mA. in 18 miles, or roughly 0*05 mA. per miie on 214 mA.

(2) Day.
In a similar way we may obtain by averaging curves, representing

the same quantities on the voyage to Holyhead and back during the
day, the value 7̂ 2 mA. lost between 30 and 60 miles off Howth. This
amounts roughly to 0*24 mA. per mile on a maximum current of 120 mA.
Reducing the result given in (1) to suit this maximum current, we see
that the dissipation by night is to that by day in the ratio of about "025
to "24, i.e., the dissipation during the day is approximately ten times as
much as at night.

Messrs. Duddell and Taylor attempted to measure the day and night
variation between Howth and Kingstown, but did not find as much as
1 per cent, difference. This was natural, as these points are only about
six miles apart, hence the total dissipation was very small in both cases.
The difference of the values for night and day which I have deduced
above would barely amount to 1 per cent, of the total in five miles.

Comparing the value of the dissipation determined from Marconi's
experiments with that obtained from Duddell and Taylor's, we find that
they are of the same order of magnitude. Nearer than this we cannot
at present go, since the minimum working current of Marconi's long-
distance receiver is not known.

In the present communication it is impossible to develop the
subject further ; I hope, however, that I may have an opportunity later
of amplifying and substantiating the main framework of the theory
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which I have given. Doubtless it is very rough, and in many parts
incomplete, but it will, I hope, form a foundation for a more thorough
explanation of wireless telegraphy.

It has been shown experimentally by J. J. Thomson that the con-
ductivity of rarefied air, at a certain pressure, for electrodeless dis-
charges, is as great as that of a 25 per cent, solution of sulphuric acid,
and that a layer of such air half an inch thick forms a perfect screen
for electric waves. A layer of air at this pressure must exist in the
atmosphere at a very moderate height.

The same experimenter has also proved that there is a critical
pressure at which the air becomes conductive. Under greater pressures
it is practically an insulator, and at smaller pressures a good conductor.
The commencement of the conducting layer in the atmosphere is thus
sharply defined.

If an electric wave be a cylindrical shell of constant height between
parallel conductors, the surface density, and thus the displacement and
electric force, will vary inversely as the diameter of the cylinder. The
energy per unit volume varies as the product of these quantities, and
will therefore vary inversely as the square of the diameter, and be
uniform throughout the shell. In the case of a hemispherical wave of
the type considered the distribution of energy is not uniform. At the
base the limiting, form of the wave is cylindrical, as in the previous
case, and its energy is the same, while in the vertical line through the*
origin the energy is zero. Either type of wave will therefore agree
with the results obtained by Duddell and Taylor, but the facts as to the
conductivity of the upper atmosphere, and the variations in dissipation,
noted above, are in favour of the cylindrical theory.

DISCUSSION.

Professor F. G. BAILY : I have recently drafted out some views on Professor
the subject of insulated ground plates, and being now forestalled in the ai y-

matter by Dr. Murray, with whose views I thoroughly agree, I will
content myself with a few words in amplification of the paper. I am
of opinion that the recent discussions about insulating the earth plate
are quite beside the mark. Oscillations or reversing charges set up in
an insulated plate, the distance of which above the ground is much
less than the diameter of the plate itself, must necessarily be repeated
by induction very completely on the surface below, unless the latter is
of unusual dryness. Hence such a plate will be substantially equivalent
to a plate in efficient contact with the ground. If the earth contact is
poor, there will be part conduction and part induction, or the phenomena
of a leaky condenser. Energy will be wasted in the resistance of the
conducting path, and the efficiency of the transmitting system will be
diminished. This appears to me to be the explanation of recent
experiments that have been published. Attempts have been made to
prove from the above phenomena that these waves are purely air-borne
Hertzian waves, since contact with the earth may be actually harmful,


